Programl.nb

Apply[Clear,Names["Global™*"]];
Off[General::spell];
Off[General::spelll];

"steel bar, d<2in., fine ground surface"

Su=110.; (* ultimate strength [kpsi] *)
Sy=77.; (* yield strength [kpsi] *)

Print["ultimate strength [kpsi] Su=",Su];
Print["yield strength [kpsi] Sy=",Sy];

"10”"3 cycle strenght S"

"torsional load: S=0.9 Sue; Sue=0.8 Su (for steel); Sue=0.7 Su (other)"
§=(0.9) (0.8) Su;

Print["torsional: s=",S];

"10"6 cycle strenght (endurance limits) Se=kS kG kL Se'"

"endurance limit of test speciment Se'"

"Se'=0.5 Su (for Su<200 kpsi); Se'=100 kpsi (for Su>200 kpsi)"
"bending, axial, torsion: Se'=0.5 Su "

Sep=0.5 Su;

Print[" Se'=",Sep];

"modifying factors for endurance limit"

"surface factor kS (bending, axial, torsion)"
"fine ground surface"

ks=0.9;

Print["surface factor kS=",6kS];

"size (gradient) factor kG"

"bending and torsion: kG=1] (for d<0.4 in.); kG=0.9 (for 0.4<d<2.0 in)"
kG=0.9;

Print["bending and torsion: size factor kG=",kG];

"load factor kL"
"bending and axial: kL=1; torsion: kL=0.58"
kL=0.58;

"endurance limit Se=kS kG kL Se'"
Se=kS kG kL Sep;
Print["torsion: Se=",Se];

"S-N diagram"
LS=Log[10,S];
LSe=Log[10,Se];
Lm=(LSe-LS)/(6-3);
Lb=LS-3 Lm;

Print["N=10"3 cycles, S ",S," [kpsi]; Log[N]=3, Log[S] = ",LS];
Print["N=10"6 cycles, Se ",Se," [kpsi]; Log[N]=6, Log[Se] = ",6LSe];

LSN=Lm x+Lb;

SNG=Plot[LSN,{x,3,6},AxesOrigin {3,LSe},
AxesLabel {"Log[N]","Log[S]"}1;

Show[SNG,Ticks {{3,4,5,6},{LSe,LS}},
GridLines {{3,4,5,6},{LSe,LS}},
PlotRange {{3,6},{LSe-0.15,LS+0.15}},AxesOrigin {3,LSe-0.15},
AxesLabel {"Log[N]","Log[S]"}];
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steel bar, d<2in., fine ground surface

ultimate strength [kpsi] Su=110.

yield strength [kpsi] Sy=77.

10”3 cycle strenght S

torsional load: S=0.9 Sue; Sue=0.8 Su (for steel); Sue=0.7 Su (other)
torsional: S=79.2

10"6 cycle strenght (endurance limits) Se=kS kG kL Se'
endurance limit of test speciment Se'

Se'=0.5 Su (for Su<200 kpsi); Se'=100 kpsi (for Su>200 kpsi)
bending, axial, torsion: Se'=0.5 Su

Se'=55.

modifying factors for endurance limit

surface factor kS (bending, axial, torsion)

fine ground surface

surface factor kS=0.9

size (gradient) factor kG

bending and torsion: kG=1 (for d<0.4 in.); kG=0.9 (for 0.4<d<2.0 in)
bending and torsion: size factor kG=0.9

load factor kL

bending and axial: kL=1; torsion: kL=0.58

endurance limit Se=kS kG kL Se'

torsion: Se=25.839

S-N diagram

N=10"3 cycles, S = 79.2 [kpsi]; Log[N]=3, Log[S] = 1.89873

N=10"6 cycles, Se = 25.839 [kpsi]; Log[N]=6, Log[Se] = 1.41228
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Log[S]

1.89873

1.41228

Log[N]
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Apply[Clear,Names["Global™*"]];
Off[General::spell];
Off[General::spelll];

"steel bar, d<=8 mm., fine ground surface, axial loading"
d=8;

Print["diameter d<= ",d," mm "];

Su=1100.; (* ultimate strength [MPa] *)

Sy=715.; (* yield strength [MPa] *)

Print["ultimate strength [MPa] Su=",Su];
Print["yield strength [MPa] Sy=",Syl;

"10"6 cycle strenght (endurance limits) Se=kS kG kL Se'"

"endurance limit of test speciment Se'"

"Se'=0.5 Su (for Su<200 kpsi); Se'=100 kpsi (for Su>200 kpsi)"
"Se'=0.5 Su (for Su<1400 MPa); Se'=700 MPa (for Su>1400 MPa)"
"se'=0.5 su "

Sep=0.5 Su;

Print["Se'=",Sep," MPa"];

"modifying factors for endurance limit"

"surface factor kS: kS= a (Su)”b "

"surface finish: fine ground => a=1.58; b=-0.085"
a=1.58; b=-0.085;

kS=a (Su)"b;

Print["surface factor kS=",6kS];

"size (gradient) factor kG"

"bending and torsion:"

"d<=8 mm ; kG=1 "

"8 mm <= d <= 250 mm ; kG=1.189 (def)”~(-0.097)"
"d > 250 mm ; 0.6 <= kG <= 0.75"

"axial: kG=1"

kG=1;

"load factor KkL"

"axial: Su <= 1520 MPa (220 kpsi); kL=0.923"
"axial: Su > 1520 MPa (220 kpsi); kL=1"
"bending: kL=1"

"torsion and shear: kL=0.577"

kL=0.923;

"endurance limit Se=kS kG kL Se'"

Se=kS kG kL Sep;

Print["axial: Se=",Se," MPa"];

steel bar, d<=8 mm., fine ground surface, axial loading
diameter d<= 8 mm

ultimate strength [MPa] Su=1100.

yield strength [MPa] Sy=715.

10"6 cycle strenght (endurance limits) Se=kS kG kL Se'

endurance limit of test speciment Se'
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Se'=0.5 Su (for Su<200 kpsi); Se'=100 kpsi (for Su>200 kpsi)
Se'=0.5 Su (for Su<1400 MPa); Se'=700 MPa (for Su>1400 MPa)
Se'=0.5 Su

Se'=550. MPa

modifying factors for endurance limit

surface factor kS: kS= a (Su)”b

surface finish: fine ground => a=1.58; b=-0.085

surface factor kS=0.871242

size (gradient) factor kG

bending and torsion:

d<=8 mm ; kG=1

8 mm <= d <= 250 mm ; kG=1.189 (def)”(-0.097)

d> 250 mm ; 0.6 <= kG <= 0.75

axial: kG=1

load factor kL

axial: Su <= 1520 MPa (220 kpsi); kL=0.923

axial: Su > 1520 MPa (220 kpsi); kL=1

bending: kL=1

torsion and shear: kL=0.577

endurance limit Se=kS kG kL Se'

axial: Se=442.286 MPa
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Apply[Clear,Names["Global™*"]];
Off[General::spell];
Off[General::spelll];

(*Input data: steel bar, fine ground surfacev)

Su=1100; (* ultimate strength [MPa] *)
Sy=715; (* yield strength [MPa] *)

Print["ultimate strength [MPa] Su=",Su];
Print["yield strength [MPa] Sy=",Syl;

"10”"3 cycle strenght S"
"bending loads: $=0.9 Su "
$=0.9 Su;

Print["bending: S=",S];

"10"6 cycle strenght (endurance limit) Se=kS kG kL Se'"

"endurance limit of test speciment Se'"

"Se'=0.5 Su (for Su<1400 MPa); Se'=700 MPa (for Su>1400 MPa)"
"bending, axial, torsion: Se'=0.5 Su "

Sep=0.5 Su;

Print[" Se'=",Sep];

"modifying factors for endurance limit"

"surface factor (kS) (bending, axial, torsion)"
Print["ultimate strength [kpsi] Su=",Su/6.895];
"fine ground surface"

ks=0.89;

Print["surface factor kS=",6kS];

"size (gradient) factor (kG)"

"bending and torsion: kG=1 (for d<10 mm); kG=0.9 (for <10<d<50 mm)"
"axial: kG=0.7-0.9"

kG=0.9;

Print["bending: size factor kG=",kG];

"load factor (kL)"
"bending and axial: kL=1; torsion: kL=0.58"
kL=1;

"endurance limit Se=kS kG kL Se'"
Se=kS kG kL Sep;
Print["bending: Se=",Se];

"bending: S-N diagram"

LSs=Log[10,S];

LSe=Log[10,Se];

Lm=(LSe-LS)/(6-3);

Lb=LS-3 Lm;

Print["S-N line slope: m=",6Lm];
Print["S-N line y-intercept: b=",Lb];

LS4=4 Lm+Lb;
S4=10"LS4;
LS5=5 Lm+Lb;
S5=10"LS5;

NN=5 10"4;
LN=N[Log[10,NN]];
LSN=Lm Log[10,NN]+Lb;
SN=10"LSN;
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Print["N=10"3 cycles, S = ",S," [MPa]; Log[N]=3, Log[S] = ",LS];
Print["N=10"4 cycles, S4 = ",S4," [MPa]; Log[N]=4, Log[S4] = ",6LS4];
Print["N=5 10”4 cycles, SN = ",SN," [MPa]; Log[NN]=",LN,", Log[SN] = ",LSN];
Print["N=10"5 cycles, S5 = ",S85," [MPa]; Log[N]=5, Log[S5] = ",LS5];
Print["N=10"6 cycles, Se = ",Se," [MPa]; Log[N]=6, Log[Se] = ",6LSe];

lineSN=Lm x+Lb;
SNG=Plot[lineSN, {x,3,6},AxesOrigin {3,LSe},
AxesLabel {"Log[N]","Log[S]"}1;
Show[SNG,Ticks {{3,4,LN,5,6},{LSe,LS5,LSN,LS4,LS}},
GridLines {{3,4,LN,5,6},{LSe,LS5,LSN,LS4,LS}},
PlotRange {{3,6},{LSe-0.15,LS+0.15}},AxesOrigin {3,LSe-0.15},
AxesLabel {"Log[N]","Log[S]"}];

"constant-life fatigue diagram"

eqS=Sy (1-x/Sy);
GS=Plot[{eqS},{x,0,Sy},PlotStyle->{Dashing[{0.01,0.01}]}1];
eq3=S (1l-x/Su);

eq4=S4 (1-x/Su);

eq5=S85 (1l-x/Su);

eq6=Se (1-x/Su);

eqN=SN (1-x/Su);
CF=Plot[{eq3,eq4,eq5,eq6,eqN},{x,0,Su}, Axes->True];
Show[ {GS,CF},AxesLabel {"Om","Oa"}];
C2=Plot[{eq6,eqN},{x,0,Su}, Axes->True];

Print["eq. for Sy - Sy:",eqS,"=0"]

Print["eq. for N=10"6 cycles:",eq6,"=0"]

Print["eq. for N=5 x 10”4 cycles:",egN,"=0"]

ms=1.;
eqSS=ms x;
GSS=Plot[{eqSS}, {x,0,Su},PlotStyle->{Dashing[{0.05,0.05}1}];

Show[ {GS,C2,GSS},AxesLabel {"Om","Oa"}];

"intersection of Oa=Om with 106 cycle line:"
sol6=Solve[{y==ms x,y==eq6},{x,v}1;
siga6=y/.sol6[[1]];

sigmé=x/.sol6[[1]];

Print["Oa=",siga6,", Om=",6sigm6, " [MPa]" ];

Print["Omax=",2 siga6," [MPa]" ];

"

"intersection of Oa=Om with 5 x 10”6 cycle line:'
sol6b=Solve[{y==ms x,y==eqN},{x,v}];
siga6b=y/.sol6b[[1]];

sigméb=x/.s0l6b[[1]];

Print["Oa=",siga6b,", Om=",6sigmé6b, " [MPal" ];

Print["Omax=",2 siga6b," [MPa]" ];

"intersection of Oa=Om with SySy line"
solS=Solve[{y==ms x,y==eqS},{x,v}1;
sigaS=y/.solS[[1]];

sigmS=x/.solS[[1]];

Print["Oa=",sigas,", Om=",sigms, " [MPa]" ];

Print["Omax=",2 sigaS," [MPa]" ];

"intersection of 5 1076 cycle line with SySy line"
sol=Solve[{y==eqN,y==eqS}, {x,¥}];
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siga=y/.sol[[1]];
sigm=x/.sol[[1]];

Print["Oa=",siga,", Om=",sigm, " [MPa]" ];

Print["Omax=",2 siga," [MPal]" 1];

ultimate strength [MPa] Su=1100
yield strength [MPa] Sy=715
10”3 cycle strenght S
bending loads: S=0.9 Su
bending: S=990.
1076 cycle strenght (endurance limit) Se=kS kG kL Se'
endurance limit of test speciment Se'
Se'=0.5 Su (for Su<1400 MPa); Se'=700 MPa (for Su>1400 MPa)
bending, axial, torsion: Se'=0.5 Su
Se'=550.
modifying factors for endurance limit
surface factor (kS) (bending, axial, torsion)
ultimate strength [kpsi] Su=159.536
fine ground surface
surface factor kS=0.89
size (gradient) factor (kG)
bending and torsion: kG=1 (for d<10 mm); kG=0.9 (for <10<d<50 mm)
axial: kG=0.7-0.9
bending: size factor kG=0.9
load factor (kL)
bending and axial: kL=1; torsion: kL=0.58
endurance limit Se=kS kG kL Se'
bending: Se=440.55
bending: S-N diagram
S-N line slope: m=-0.117213
S-N line y-intercept: b=3.34728

N=10"3 cycles, S = 990. [MPa]; Log[N]=3, Log[S] = 2.99564
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N=10"4 cycles, S4 = 755.826 [MPa]; Log[N]=4, Log[S4] = 2.87842
N=5 10"4 cycles, SN = 625.883 [MPa]; Log[NN]=4.69897, Log[SN] = 2.79649
N=10"5 cycles, S5 = 577.043 [MPa]; Log[N]=5, Log[S5] = 2.76121

N=10"6 cycles, Se = 440.55 [MPa]; Log[N]=6, Log[Se] = 2.644
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intersection of ca=-om with 1076 cycle line:
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0a=314.566, om=314.566 [MPa]

omax=629.132 [MPa]

intersection of ca=om with 5 x 10”6 cycle line:
0a=398.91, om=398.91 [MPa]

omax=797.819 [MPa]

intersection of ca-om with SySy line

oca=357.5, om=357.5 [MPa]

omax=715. [MPa]

intersection of 5 10”6 cycle line with SySy line
0a=508.24, om=206.76 [MPa]

omax=1016.48 [MPa]





